thelial proliferation. 22 The objective of this study was to assess the patency of the posterior communicating artery (PCoA) following treatment of PCoA aneurysms using the PED.
Methods

Patient selection
The study protocol was approved by the Thomas Jefferson University institutional review board. Patients who had PCoA aneurysms treated with the PED between May 2011 and July 2014 were retrospectively identified from our prospectively maintained database of patients undergoing treatment using the PED. Thirty-six patients with PCoA aneurysms were identified, of whom 6 were excluded because of loss to follow-up. Electronic medical records were reviewed for the 30 patients included in this study to identify patient demographic data, aneurysm characteristics, and the occurrence of any postoperative complications and symptoms related to the procedure. The angiograms were evaluated by 2 independent authors who were not involved in the procedure to confirm the coverage of the PCoA by the PED and to assess angiographic outcomes including patency of the PCoA and aneurysm occlusion. The flow through the PCoA was classified into the following 3 categories: patent, diminished, or occluded. All patients underwent a 4-vessel cerebral angiogram prior to initial placement of the PED, followed by a 1-vessel angiogram and MR angiography (MRA) on 6-month follow-up. Occlusion of the PCoA versus diminished flow was determined based on follow-up angiography (anterior circulation injections only) and MRA. The PCoA was considered occluded when there was no flow on follow-up angiography and no signal present on MRA.
Aneurysm occlusion was categorized into complete obliteration, near-complete obliteration (≥ 90%), and incomplete occlusion (< 90%). All patients were placed on a dual antiplatelet therapy consisting of 81 mg/day of aspirin and 75 mg/day of clopidogrel at least 10 days prior to the intervention and were maintained on antiplatelet treatment for at least 6 months following treatment. The P2Y12 assay was used preoperatively to assess platelet response to clopidogrel.
statistical analysis
Data are presented as the mean and range for continuous variables and as the frequency for categorical variables. Statistical analyses of categorical variables were performed using the chi-square and Fisher's exact tests, and comparison of means was done using the Wilcoxon rank-sum test as appropriate. Univariate analysis was used to test covariates predictive of the following dependent variables: 1) PCoA patency versus no or diminished flow following treatment with the PED, and 2) PCoA patency and diminished flow versus PCoA occlusion. The following factors were assessed for their ability to predict PCoA patency: patient age, sex, hypertension, smoking, aneurysm size, aneurysm form, previous aneurysm treatment, aneurysm occlusion status, number of PEDs used, presence of a fetal PCoA variant, and if the artery was coming from the aneurysm on angiographic evaluation. Factors that were predictive in univariate analysis (p < 0.20) were entered into a multivariate logistic regression analysis. A p value ≤ 0.05 was considered statistically significant. Statistical analysis was performed using Stata version 10.0 (StataCorp).
results baseline characteristics
Thirty patients with aneurysms arising from the PCoA were included in the study. The angiographic/MRA follow-up for all patients was 6 months; after that, patients were followed with yearly MRA. The mean patient age was 54 ± 11.6 years. Twenty-four patients were women (80%) and 6 were men (20%). Seventeen patients had a history of hypertension (56.7%). Eighteen patients had a history of tobacco smoking (60%). The mean aneurysm size was 7.2 ± 3.6 mm. Twenty-six aneurysms were saccular (86.7%), and 4 were fusiform (13.3%). Fifteen aneurysms were previously treated with coil embolization and recurred (50%), and 15 aneurysms were managed with the PED as a first-line treatment (50%). None of the patients in our study presented with subarachnoid hemorrhage (SAH) at the time of PED placement, but 11 of the patients with prior treatment had presented with SAH initially at the time of the first coiling intervention. The PCoA was covered by 1 PED in 27 patients (90%) and by 2 devices in 3 patients (10%). The mean number of PEDs that were placed was 1.1 ± 0.3. Six patients had a fetal PCoA variant (20%). On angiography, 12 patients had an arterial branch coming from the aneurysm (40%). The mean preoperative P2Y12 reaction unit (PRU) value was 140 ( Table 1) . 
Efficacy and Safety of the PED in Treating PCoA aneurysms
Complete aneurysm occlusion was achieved in 25 patients (83.3%). As evaluated on the latest follow-up angiogram, 1 patient had near-complete (> 90% obliteration) occlusion of his aneurysm (3.3%), and 4 aneurysms were incompletely occluded (13.3%). None of the patients had any hemorrhagic or thromboembolic complications. One patient developed an infected femoral pseudoaneurysm that resulted from arterial access and that required surgical management with proximal external iliac to distal common femoral artery bypass. There were no deaths. Instent stenosis was observed in 2 patients (6.7%), both < 50% stenosis. Four of 6 aneurysms (66.7%) originating on a fetal PCoA were completely occluded following treatment with the PED versus 21 of 24 aneurysms (87.5%) originating on a nonfetal PCoA (p = 0.3).
Patency of the Pcoa
After placement of the PED, the PCoA was patent in 7 patients (23.3%), patent with diminished flow in 7 patients (23.3%), and occluded in 16 patients (53.3%) at 6-month angiographic and MRA follow-up. The mean age was 54.7 ± 11.3 years in patients with diminished or no flow in the PCoA versus 52.6 ± 13.2 years in patients with preserved flow. The mean aneurysm size was 6.6 ± 4 mm in those with diminished or no flow in the PCoA versus 8.9 ± 1.7 mm in those with preserved flow. There were 13 of 23 previously treated aneurysms (56.5%) in patients with decreased or no flow in the PCoA versus 2 of 7 previously treated aneurysms (28.6%) in patients with patent PCoA.
The rate of PCoA occlusion was 51.8% (14 of 27) when covered by 1 device versus 66.7% (2 of 3) when covered by 2 devices. Complete and near-complete aneurysm occlusion was achieved in 5 of 7 patients (71.4%) with patent PCoA versus 22 of 23 (95.6%) in patients with decreased or no flow. In patients with a patent PCoA, there were 3 of 7 fetal PCoAs (42.9%) versus 3 of 23 in patients with an occluded PCoA or diminished flow (13%). Furthermore, none of the fetal PCoAs were completely occluded; 3 were completely patent and 3 had decreased flow.
Five patients with a patent PCoA had the artery emanating from the aneurysm (71.4%) versus 7 patients with an occluded PCoA or diminished flow (30.4%). None of the patients who had diminished or no flow within the PCoA developed clinical symptoms. Five patients had a 1-year follow-up angiogram (3 PCoAs with no flow and 2 patent arteries) with no change in the PCoA occlusion status from the 6-month follow-up angiogram.
Univariate analysis of factors associated with PCoA patency versus no or diminished flow did not reveal any statistically significant associations, although aneurysms with incomplete occlusion (OR 8.85, 95% CI 0.7-111.6; p = 0.09), aneurysms not previously treated versus prior aneurysm treatment (OR 4.37, 95% CI 0.68-27.98; p = 0.1), presence of a fetal PCoA (OR 5, 95% CI 0.73-34.34; p = 0.1), and presence of an artery coming from the aneurysm (OR 5.71, 95% CI 0.88-36.88; p = 0.067) showed a trend toward higher odds of the PCoA remaining patent after PED placement (p ≤ 0.1). Multivariate analysis demonstrated that aneurysms with a PCoA projecting from the aneurysm had significantly higher odds of arterial patency after treatment with the PED (OR 8.57, 95% CI 1.05-69.38; p = 0.04), and there was a trend toward higher odds of the PCoA remaining patent in aneurysms that were not previously treated (OR 5.89, 95% CI 0.71-48.72; p = 0.1) ( Table 2 ).
In univariate analysis of factors associated with the combined outcome of PCoA patency and diminished flow versus PCoA occlusion, the presence of a fetal PCoA (outcome predicted perfectly because none of the fetal PCoAs were completely occluded; p = 0.005), and the presence of an artery coming from the aneurysm (OR 17.5, 95% CI 2.67-114.83; p = 0.003) were the only factors significantly associated with the PCoA remaining open with or without diminished flow. Similarly, in multivariate analysis, the presence of a fetal PCoA (outcome predicted perfectly; p = 0.005) and the presence of an artery coming from the (Table 3 ).
Discussion
To our knowledge, this is the largest study to assess PCoA patency following PED placement as well as the efficacy and safety of this device in the management of PCoA aneurysms. We also believe that this is the first study to present an analysis of factors specifically associated with the patency and occlusion of the PCoA. A high rate of aneurysm occlusion (a 90% rate of complete and near-complete occlusion), combined with a low complication rate (1 groin complication with a 0% rate of hemorrhagic or thromboembolic complications), was observed with PED treatment of PCoA aneurysms. Although the rate of PCoA patency after placement of the PED was low (a 23.3% patency rate and 23.3% of PCoAs with decreased flow), none of the patients developed any clinically related neurological symptoms that could compromise the safety of the intervention.
The PED has been most commonly used for the management of large, complex aneurysms of the ICA, with high efficacy and a low complication rate. 1 In the Pipeline for Uncoilable or Failed Aneurysms trial, the rate of complete aneurysm occlusion was 86.8%, with a rate of major ipsilateral stroke or neurological death of 5.6%. 1 A metaanalysis of 1451 patients with 1654 aneurysms treated with the PED showed a complete occlusion rate of 76% with a morbidity rate of 5%, an intracerebral hemorrhage (ICH) rate of 3%, and an ischemic stroke rate of 6%. 5 In a study by Chalouhi et al. that directly compared treatment using the PED with coiling, the complication rate was similar between the 2 groups (7.5%), with attainment of complete aneurysm occlusion being significantly higher with PED treatment (86% vs 41%). 9 Given the promising results observed with this device, its use has been extended for the management of smaller, less complex aneurysms, especially in the anterior circulation. 7 Kallmes et al. studied 793 patients with 906 aneurysms treated with the PED and found that the neurological morbidity and mortality rate was 8.4%, with an ICH rate of 2.4% and an ischemic stroke rate of 4.7%. 14 The best safety profile was achieved in anterior circulation aneurysms, mainly small ICA aneurysms. In this study, the PED is further shown to be a safe and effective tool in the management of PCoA aneurysms. The occlusion rate of the PCoA was remarkably high following placement of the PED (53.3%), with an additional 23.3% of PCoAs having diminished flow on followup angiographic evaluation. Data regarding the patency of the PCoA following placement of the PED and its clinical significance are still scarce, with few studies in the literature addressing the subject. 4, 19, 21, 23 Yu et al. reported that occlusion of covered arterial side branches 6 months after treatment with the PED occurred in 2 of 140 patients (1.4%), with both occluded branches occurring in PCoAs with no clinical consequence. 23 Similarly, Saatci et al. reported that, in a study which included 251 aneurysms, arterial patency was compromised in 5 patients; all of these cases involved the PCoA during management of 5 PCoA aneurysms. 19 Brinjikji et al. evaluated PCoA patency in 11 patients with 13 aneurysms who had a PED placed across the ostium of the PCoA. They reported that 27% of PCoAs were occluded and that 18% had diminished flow, with no patients having any resultant neurological deficits at followup after a mean follow-up of 12.6 months. 4 In another study by Vedantam et al., which included 14 PCoAs with 1 or more PEDs placed across the ostium, only 1 PCoA was occluded (7.1%) versus 13 PCoAs that remained patent (92.8%) after a mean follow-up of 12.8 months. 21 Similarly, no patients developed any clinical symptoms related to PCoA occlusion.
Our results show that the rate of PCoA occlusion fol- lowing management with the PED is higher than previously reported, but this phenomenon is nevertheless a benign process. Occlusion of the PCoA occurs gradually over a period of 3-6 months following placement of the PED. This allows vessel occlusion to be clinically tolerated without any symptoms because of either immediate collateral supply or the development of collateral supply. Arterial patency following PED treatment has been evaluated with other perforating and side branches, especially the ophthalmic artery, with higher reported patency rates. In a study of 19 patients with the PED placed across the ostium of the ophthalmic artery, Puffer et al. reported that the ophthalmic artery was occluded in 21% of patients, had slow antegrade flow in 11%, and remained patent in 68% of patients after PED treatment; none of the patients had any visual or neurological symptoms. 17 In another study by Szikora et al., 2 of 17 ophthalmic arteries were occluded (11.8%) at the 6-month follow-up with no resulting symptoms. 20 Chalouhi et al. studied 95 patients who had 1 or more PEDs placed across the ophthalmic artery. They reported that arterial occlusion occurred in 7% of patients, decreased flow occurred in 4%, whereas arterial patency was maintained in 89% of patients. 6 Occlusion was symptomatic in 1 patient only. Larger vessels such as the PCoA and the ophthalmic artery usually have well-developed distal collaterals. This makes them more prone to occlusion following placement of the PED because the pressure gradient across the device is not sufficient to maintain flow within the artery due to the opposing effect of the distal collateral flow. 4, 21 On the other hand, smaller vessels such as the anterior choroidal and lenticulostriate arteries and perforating vessels with no distal collaterals may maintain flow due to a pressure gradient across the ostium and are more likely to remain patent. 3, 18, 21 The higher rate of ophthalmic artery patency after flow diversion can probably be attributed to a higher continued physiological demand with the ophthalmic than the PCoA. 6 Furthermore, because both systems have an adequate collateral circulation, clinical symptoms do not usually develop in occluded arteries and in arteries with diminished flow.
A fetal PCoA variant is defined as a PCoA that has the same caliber as the P 2 segment of the posterior cerebral artery and is associated with an atrophic P 1 segment. 11 Its incidence is estimated to be between 4% and 29% of patients (20% in the current study), with bilateral fetal PCoA variants occurring in 1%-9% of patients. 2, 12 Furthermore, approximately 10% of all PCoA aneurysms are associated with a fetal variant. 15, 24 Because fetal PCoAs represent the only supply to the posterior cerebral artery, care should be taken when treating PCoA aneurysms incorporating a fetal variant. 11 In fact, fetal PCoA aneurysms are often treated surgically because endovascular therapy is thought to pose a higher treatment risk. A fetal PCoA is an end vessel with no distal collaterals. 15 Compromise to the flow may result in infarction and significant neurological symptoms. This is in contrast to nonfetal PCoAs, where occlusion is usually asymptomatic due to well-developed distal collaterals. 15 Our results show that fetal PCoAs are less likely to be occluded following placement of the PED. None of the fetal PCoA variants were completely occluded versus 16 of 24 (66.7%) of the nonfetal PCoAs. This is thought to be due to the high flow through fetal PCoAs and the high physiological demand for this artery, which maintains pressure gradient across the ostium. Furthermore, there was a nonsignificant trend in which aneurysms arising from a fetal PCoA had a lower occlusion rate. It seems that not only are fetal PCoAs more likely to remain patent after PED treatment, but the aneurysms arising from the fetal variant also tend to persist more often.
Patency of the PCoA was more likely to be preserved in aneurysms that were incompletely occluded with the PED (the association approached significance). Flow diverters work by inducing endoluminal vessel reconstruction to cause aneurysm occlusion. 13 The same neointimal response may lead to branch vessel occlusion. As such, when this endothelial process has not occurred to its fullest extent (resulting in an incompletely occluded aneurysm), arterial patency is more likely to be preserved.
Another association that approached significance was that PCoA patency was more likely to be maintained in PCoA aneurysms that were not previously coiled. Because the PED is often used to treat previously coiled aneurysms, 10 it should be kept in mind that prior endovascular interventions in addition to placement of the PED can increase the risk of flow reduction. Additionally, PCoA occlusion was more common when the artery was covered by 2 devices (66.7%) compared with 1 (51.8%). However, because only 3 patients had placement of 2 PEDs, the association was not significant. The use of a single PED for treatment of intracranial aneurysms should be highly encouraged because a single device is usually enough for occlusion of most aneurysms, and additional devices may increase the morbidity, cost, and radiation exposure. 8 This study is limited by its nonrandomized, retrospective, single-center design as well as a short follow-up period. Because most identified patients had an angiogram performed at 6 months, we chose 6 months as the study end point. However, all patients who had later angiographic evaluation had the same PCoA patency status as that obtained at 6 months. During the study period, PCoA aneurysms were also treated with other endovascular and surgical approaches depending on the treating neurosurgeon's assessment. This could have introduced selection bias for patients who were thought to be symptomatic from PCoA occlusion. This study addresses the patency of the PCoA and is not necessarily generalizable to other perforators and side branches covered by the PED. However, it provides valuable data pertaining to the patency of the PCoA after PED treatment.
conclusions
Occlusion and diminished flow through the PCoA are common following PED treatment of PCoA aneurysms. However, they are not clinically significant in most cases. This is accompanied by a high success rate of the PED in treating PCoA aneurysms and a low complication rate. Patency of the PCoA is more likely to be preserved in fetal PCoA variants and in cases in which the artery is coming from the aneurysm. In this latter group, both the artery and the aneurysm are more likely to persist after treatment with the PED. Other important factors that may reduce the patency of the PCoA include prior coiling of the PCoA aneurysm and placement of more than 1 device across the PCoA. Larger studies with a prospective design are required to further evaluate the patency of side branches following treatment with the PED.
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